Sooretamys is a monotypic genus of the family Cricetidae, subfamily Sigmodontinae, that is distributed throughout eastern South America in the Atlantic Forest Biome, including Argentina, Brazil, and Paraguay. The taxonomic history of the forms associated with this genus is long and relatively complex, and few studies have evaluated the taxonomic problems of this genus. To this end, our goal was to describe the degree and geographical pattern of morphological and molecular variation in this genus to test the current hypothesis that the genus is monotypic, and, as a consequence, to determine the status of the nominal forms associated with Sooretamys. Accordingly, we employed morphometric, morphological, and molecular tools, according to an integrative taxonomy approach. The results show that some level of morphometric discontinuity is present between the individuals from Paraguay and those from adjacent localities in Brazil and Argentina; sharp discontinuities were not observed in qualitative traits. Molecular analyses of the mitochondrial cytochrome b gene showed that the Paraguayan populations have some degree of genetic differentiation, but the haplotypic variants do not form a monophyletic group. Thus, the evidence so far suggests a difference in the genes and morphology of the Paraguayan population, but there is no consistent resolution (e.g. lack of monophyly) to show that specimens from Paraguay represent a distinct population that would merit taxonomic recognition. Thus, we recognize a single species within the genus Sooretamys, named Sooretamys angouya. The pattern of morphological and genetic differentiation of Sooretamys could be the result of divergence with gene flow. However, our data also correspond in some aspects with the model advanced by Carnaval & Moritz, which claims the existence of stable Atlantic Forest areas where the forest biota persisted during the Quaternary climatic fluctuations. Whatever process has occurred, S. angouya represents one species with a complex evolutionary history, and the analysis of additional samples would be welcome to further elucidate the process of diversification of this taxon.
INTRODUCTION
The tribe Oryzomyini consists of 30 living genera and c. 125 species (Weksler, Percequillo & Voss, 2006;  of Oryzomyini occupy all biomes existing in this large area (Prado & Percequillo, 2013) , and most species are terrestrial, although scansorial, arboreal, and semiaquatic forms also exist (Musser et al., 1998; Weksler, 2006 Weksler & Percequillo, 2011) . The unique hypothesis regarding the evolutionary history of this species and molecular variation amongst populations (Miranda et al., 2007) considers, mainly, the southern portion of the species' distribution in Brazil and does not discuss taxonomic and nomenclatural issues. Instead, only phylogeographical issues have been evaluated, focusing on geographical structure and genetic divergence. Consequently, in the absence of a formal revision of the genus, the status of the species-group names associated with this generic taxon is pending assessment.
Recently, a 'new' taxonomic approach, so-called integrative taxonomy (Dayrat, 2005; Padial et al., 2009) , suggests the combination of several sources of evidence and evolutionary theories to clarify taxonomic questions and evolutionary history (see also Patton et al., 1997) . However, it must be noted that this approach is by no means new to sigmodontine taxonomy: for more than two decades, researchers have integrated morphological, karyotypic, and molecular data (e.g. Patton & Hafner, 1983 Our goal in this study was to describe the degree and geographical pattern of morphological and molecular variation in the genus Sooretamys to test the current hypothesis that the genus is monotypic and, as such, to determine the status of the nominal forms associated with Sooretamys. Similarly, we aim to provide information on the evolutionary history of this endemic Atlantic Forest genus.
MATERIAL AND METHODS

SPECIMENS AND SAMPLING
We studied 478 specimens (Appendix 1) of the genus Sooretamys housed in the following museums and institutional collections: American Museum of NaturalNot all specimens were included in both approaches: the morphological (either quantitative or qualitative) and molecular ones. For instance, 22 specimens were analysed by both approaches, 29 only for the molecular one because of local small sample sizes or age criteria not being useful in the morphological approach, and 427 only morphologically, with no tissues available, represented by old specimens from museums. Appendix 1 lists the samples used in each analysis performed throughout this study. Type specimens of most nominal forms associated with S. angouya were assessed in the study. Regrettably, no tissue samples from these specimens were available; however, specimens from localities close to the type localities of most nominal forms were included in the analyses.
For all collecting localities, we obtained information on geographical coordinates and altitude (when available) from collector labels, online databases (National Geospatial-Intelligence Agency website: http:// geonames.nga.mil/namesgaz), or gazetteers (Paynter Jr., 1989 , 1995 Paynter Jr. & Traylor Jr., 1991) ; data were organized in a Gazetteer (Appendix 2). To obtain larger sample sizes with at least four adult individuals for the statistical analyses, specimens from different collecting localities were pooled according to the criteria established by Vanzolini & Williams (1970) : close geographical proximity, absence of major geographical barriers amongst localities, such as altitudinal levels or major rivers, and lack of obvious discrepancy in size and shape amongst contiguous samples. Considering these criteria, we were able to group specimens into 15 samples that cover most of the geographical distribution of the genus (Table 1 , Fig. 1 ).
Comparative analyses amongst geographical samples were performed using the method of transects (Vanzolini, 1970; Vanzolini & Williams, 1970) , which are a 'series of localities more or less linearly arranged between, and including, major samples'. This method is used to recognize sharp discontinuities throughout the geographical range of collection samples. In addition, we mapped the frequency of qualitative and quantitative characters throughout the geographical samples available, as performed previously by Musser (1968) . We established two transects: the first, which connects samples along the Atlantic Forest, is associated with the hills and highlands of Serra do Mar across a latitudinal gradient, ranging from warmer evergreen forest (in the northern localities) to colder evergreen forests, some mixed with Brazilian Pine, Araucaria angustifolia, in the south; the second transect is orientated along a vegetation and moisture gradient, from the coastal region, with evergreen forests, to the interior forests, with drier and semideciduous forests, as well as riparian grasslands of the Paraná and Paraguay river basins.
MORPHOLOGICAL-BASED ANALYSES
Several qualitative traits were surveyed, but after discarding those that were nonvariable and those that showed no informative variation, we analysed the following characteristics: colour of dorsal and ventral body surfaces, length of tufts of ungual hair relative to the length of claws, dorsoventral countershading of the tail, presence of anteromedian flexus in the anterocone of molar 1 (M1), and length of incisive foramina relative to M1 alveoli. To describe the qualitative character variation, we used the character states proposed by Hooper & Musser (1964) , Carleton (1973 Carleton ( , 1980 , Reig (1977), Voss & Linzey (1981) , Voss (1988 Voss ( , 1993 , Carleton & Musser (1989), Voss & Carleton (1993) , Steppan (1995) , and Weksler (2006) . Qualitatively, the samples exhibit a marked variation in relation to specimen age regarding pelage colour and texture, molar wear, suture fusion, and other cranial features. To standardize this variation, we used four age classes based on molar wear, modified from Voss (1991) as follows. Age class 1: first and second molars with no apparent wear, third molar usually non-erupted or newly erupted with main cusps still closed, labial lophs well developed and isolated, labial and lingual flexus deep and distinct. Age class 2: first and second molars with minor wear and small exposure of dentine, third molar already showing minimal to moderate wear, anteroloph and mesoloph may be connected to paracone through marginal lophules, posteroloph nearly fused to metacone, marginally. Age class 3: first and second molars with moderate wear; third molar with marked wear and a nearly flat surface; anteroloph and mesoloph fused marginally to paracone, forming long anterofosset and mesofosset, respectively; posteroloph completely fused to metacone, forming a distinct mesofosset. Age class 4: first and second molars with heavy wear, indistinct cusps, and massive exposure of dentine; third molar quite flat, with major exposure of dentine; anteroloph, mesoloph, and posteroloph indistinct, fused to major cusps. However, no noticeable variation in shape is present regarding sex, with males and females being quite similar.
For morphometric analyses, 15 cranial measurements (Fig. 2) were obtained with digital callipers to the nearest 0.01 mm: occipitonasal length (ONL); condylo-incisive length (CIL), measured from the greater curvature of one upper incisor to the articular surface of the occipital condyle on the same side; length of diastema (LD), from the crown of the first upper molar to the lesser curvature of the upper incisor on the same side; length of molars (CLM1−3), crown length from molar 1 (M1) to molar 3 (M3); breadth of M1 (BM1), greatest crown breadth of the first maxillary molar across the paracone−protocone; length of incisive foramen (LIF), greatest anterior−posterior dimension of one incisive foramen; breadth of incisive foramen (BIF), greatest dimension measured across the internal surface of both incisive foramen; breadth of rostrum (BR), greatest dimension measured across the external border of the nasolacrimal capsules; length of nasals (LN), greatest anterior−posterior dimension of one nasal bone; length of palatal bridge (LPB), measured from the posterior border of the incisive foramen to Initially, quantitative variables were tested for uniand multivariate normality using Kolmogorov−Smirnov and Mardia's Kurtosis tests, respectively. Statistical differences amongst age and sexual classes were diagnosed by ANOVA and Tukey's test. In addition, sexual differences were also tested in adults using the Student's t test. We used a level of significance of 0.05 for all statistical analyses performed. We used distinct sample sizes depending on the analysis performed: to evaluate normality, we used samples with more than 25 specimens; to test dimorphism, our samples included at least eight specimens and contained equal proportions of males and females; and to study age variation, we used samples with more than one individual for each age class.
Musser (1968) employed the frequency of morphological character states, both quantitative and qualitative, to assess the geographical variation of Sciurus aureogaster, establishing an important means of coupling geographical variation with nomenclatural attribution. Therefore, variation for each qualitative morphological character was codified in character states. Polymorphic traits were summarized by the frequency at which the state is observed in each geographical sample studied (Musser, 1968) . We employed inferential error-bar diagrams (mean ± 95% of confidence interval; Simpson, Roe & Lewontin, 2003; Cumming, Fidler & Vaux, 2007 ) for the largest available samples of skull measurements (external dimensions were not included in statistical analyses as they were recorded by distinct collectors; descriptive statistics of external dimensions were used only in general comparisons). Multivariate analyses were performed with geographically pooled samples ( Table 1 , Fig. 1 ). Discriminant analyses (DA) using natural base logtransformed cranial measurements were performed comparing the 15 geographical samples simultaneously (Simpson et al., 2003; Manly, 2008) . We also generated error bars with the scores of the first canonical function to evaluate the multivariate structure along the distribution of geographical samples. Specimens with missing values were discarded from both the univariate and multivariate analyses.
To test the hypothesis that the differences amongst geographical samples could be explained by the isolationby-distance model (Wright, 1943) , we compared geographical and morphometric distance matrices with a Mantel test (Mantel, 1967 Table S1 ). Gene trees were constructed using maximum parsimony (MP; Farris, 1982) and Bayesian analysis (BA; Yang & Rannala, 1997) . MP analysis was performed in PAUP* (Swofford, 2000) with characters treated as unordered and equally weighted, 500 replicates of heuristic searches with random addition of sequences, and tree bisection reconnection branch swapping. The relative support of the recovered clades was calculated by performing 1000 bootstrap (BS) replications with five replicates of random sequence addition each. BA analysis was performed using MrBayes 3.1 (Ronquist & Huelsenbeck, 2003 ) by implementing a model of sequence evolution that includes six categories of base substitutions, a gamma-distributed rate parameter and a proportion of invariant sites. Uniform-interval priors were assumed for all parameters except base composition and generalized time-reversible parameters, which assumed a Dirichlet prior process. Two independent runs with four chains were allowed to proceed for 10 000 000 generations with trees sampled every 100 generations. The first 25% of the trees were discarded as burn-in, and the remaining trees, sampled well after stationarity was reached, were used to compute posterior probability (PP) estimates for each clade. In addition, as another method of visualizing relationships amongst haplotypes of Sooretamys, a haplotype network was created via statistical parsimony (Templeton, Crandall & Sing, 1992) using the program TCS (Clement, Posada & Crandall, 2000) .
Finally, to further explore how the observed genetic variation is geographically structured, hierarchical analyses were conducted in the form of analysis of molecular variance (AMOVA; Excoffier, Smouse & Quattro, 1992) using ARLEQUIN v. 3.1 (Excoffier, Laval & Schneider, 2005) . Distinct hierarchical haplotype arrangements were defined based on sampling localities (Fig. 3) , and these were grouped by geographical regions, by groups found in the morphological analyses (see below), or to match the traditional taxonomic scheme of Thomas (1924) .
SPECIES AND SUBSPECIES DEFINITION
We employed all of the aforementioned phenotypic traits to recover unique combinations of diagnostic characters and monophyletic lineages in order to recognize species in the genus Sooretamys, which is a procedure akin to the phylogenetic species concept advocated by Cracraft (1983) . This concept favours diagnosability, as species are the smallest diagnosable cluster of organisms that exhibit a parental pattern of ancestry and descent. Although not in common usage under the phylogenetic species concept (e.g. Frost, Kluge & Hillis, 1992), the subspecies category could be employed eventually, upon the recognition of geographical lineages. According to Mayr (1963) , subspecies are evolutionary unities only when they coincide with geographical isolates; otherwise, they represent a convenient system of taxonomic classification. Similarly, Frost et al. (1992) affirmed that subspecies can be either invented (mere 'artifacts of idealizing diagnosis') or discoverable items ('temporarily isolated lineages'); if they represent discoverable entities, they are elements of Table 2 . List of mitochondrial DNA sequences downloaded from GenBank and sequenced in the present study, with the respective accession number. Localities are mapped in Figure 3 Voucher/tissue no. evolutionary biology. Therefore, we aimed to identify diagnosable monophyletic lineages, whether species or subspecies (as geographical isolated lineages), through the morphological and molecular integrative approach here employed.
RESULTS
AGE AND SEX MORPHOLOGICAL VARIATION
The nongeographical tests (age and sex variation) were applied to the largest available samples, depending on the analysis. Only one variable (BIF) from Río Tebicuary Basin did not exhibit normal distribution (Z = 2.552, P < 0.05), but we chose not to exclude it from analysis because in all other samples BIF was normally distributed. Mardia's Kurtosis test was applied for all adult individuals and all variables; the coefficient obtained was 355.798 (P > 0.05), which also indicated the multivariate normality of the data. ANOVA together with post hoc Tukey tests showed that the samples of age classes 3 and 4 from Boracéia-Casa Grande (N = 39) and Cotia-Piedade (N = 59) are not significantly different (P > 0.05). Therefore, individuals assigned to both age classes were pooled for subsequent analyses of variation for all of the samples; individuals of these classes are, presumably, mature adults. . Therefore, as our analysis did not reveal a pattern of sexual dimorphism, geographical analyses were conducted with adult individuals from both sexes pooled together.
MORPHOGEOGRAPHICAL VARIATION
Qualitative characteristics
The few traits that showed consistent variation within and amongst samples in Sooretamys are described and summarized below, and represented graphically on 
Colour of upper parts (N = 111):
Four patterns of dorsal colours were recognized: yellowish-brown, reddishbrown, dark-brown, and greyish-brown. In most of the samples, the predominant colour is yellowish-brown, but samples from eastern Santa Catarina (Rio Itajaí and Upper Rio Iguaçu) have reddish-brown upper parts, whereas samples from São Paulo state (Boracéia, Riacho Grande, and Cotia-Piedade) are predominantly greyish-brown.
Colour of under-parts (N = 112):
This characteristic is associated with the presence of hairs with a grey basal portion and a white or buffy apical portion, or hairs entirely white or buffy, resulting in grizzled and pure white or pure buffy appearance, respectively. The predominant pattern of the colour of the under-parts is grizzled, whereas a pure colour was observed only in Río Tebicuary sample.
Colour of hind feet (N = 76):
Two states were observed: hind feet predominantly white or brown. Hind feet that are predominantly brown occurred in Boracéia and Río Tebicuary only; in all other samples, the hind feet colour of most of the specimens is white.
Ungual tufts (N = 67):
Ungual tufts are dense and variable in length on digits II to V, usually concealing the claws, but very short or even absent on digit I. Two states were recognized: short tufts not reaching the tip of the claws and long tufts reaching or surpassing the tip of the claws. The ungual tufts are predominantly long on populations to the south and north of the genus distribution.
Colour of tail (N = 98):
Two states were observed: not countershaded dorsoventrally, resulting in a unicoloured tail, or countershaded dorsoventrally, with the ventral surface slightly paler than dorsal surface, resulting in a weakly bicoloured tail. We recorded the countershaded tail as a predominant state only in specimens from Misiones.
Length of incisive foramen (N = 62):
Three states were observed: posterior margins of incisive foramen that do not reach the plane of first molars, posterior margins that reach but do not surpass the plane of molars, and posterior margins that surpass the plane of first upper molars and reach the anterocone. In most of the specimens of the upper Rio Paranapanema in São Paulo and Tramandaí, in the north of Rio Grande do Sul, the posterior margin of the incisive foramen lies anteriorly to the M1 alveolus. In all other samples, the posterior margin of the foramen is aligned to the anterior margin of the M1 alveolus. The long incisive foramen surpassing the molar planes occurs only in the northern portion of the distribution, in samples from São Paulo state.
Posterolateral palatal pits (N = 115):
These perforations on the posterior portion on the palatine are unique or multiple. When single, the pits are usually positioned on the palate level; when multiple, pits are recessed in deep and well-delimited palatine fossa. In all samples, multiple posterolateral palatal pits recessed in deep palatine fossa are the most common state, indeed larger specimens from São Paulo state and Paraguay present even deeper and wider fossa. In general, some trends of morphological variation can be recognized throughout the geographical samples studied. Regarding the colour of upper parts, there is a predominance of greyish-brown specimens amongst the northern samples and a predominance of yellowishbrown samples towards the south. Long ungual tufts are present in high frequency in the northern samples, whereas short tufts are usually found in the southern localities. White hind feet are the most common characteristic throughout the entire geographical distribution, but predominantly brown hind feet occur in high frequency in some groups from Paraguay and eastern Brazil. An incisive foramen with a posterior margin that does not penetrate between molar series is more frequently observed in samples from São Paulo, southern Paraná, and northern Santa Catarina States, in the central portion of the geographical distribution. These patterns of characteristic variation indicate that Sooretamys lacks sharp morphological discontinuities across its geographical distribution.
Quantitative characters ONL, LD, CIL, LIF, LN, LPB, CZL, and LOF (Fig. 5):
A strong clinal variation is observed in all these variables (although not shown in (Fig. 5) : These measurements also exhibit clinal variation with an abrupt discontinuity between the Argentinean and Paraguayan samples, at the western range of the species. However, for these variables, the specimens from Río Tebicuary Basin are significantly larger (BIF: t = −3881, P = 0.00; BR: t = −2639, P = 0.01; and BZP: t = −3625, P = 0.00) than the north-eastern specimens from Boracéia-Casa Grande. For the variable ZB, the P-value (P = 0.063) is not significant; for HBC, there is no significant difference between the two samples (P = 0.167). In general, these two geographically separate samples are very similar in length, but Paraguayan specimens exhibit wider and more robust rostra, with wider incisive foramina (BR and BIF) and more robust zygomasseteric apparatus (ZB and BZP). 
BIF, BR, HBC, ZB, and BZP
BM1 (Fig. 5):
The breadth of M1 also shows a mosaic variation, with larger mean sizes observed in Riacho Grande and smaller in north-west Rio Grande do Sul and west Santa Catarina, although the samples from Upper Rio Paranapanema also have narrower molars. For this characteristic, the samples from Río Tebicuary Basin have one of the lowest averages (contrasting with previous traits), but it is still larger than the closer geographical samples of Misiones and west Santa Catarina.
Considering the external dimensions (Table 3) , the specimens from Río Tebicuary Basin are larger in body and tail length, and have larger ears and hind feet. In contrast, smaller specimens were recorded in the samples from the central-western region of southern Brazil (Taquari-Antas Basin, north-west Rio Grande do Sul, Ponta Grossa, west Santa Catarina, and Misiones).
The DA performed with all 15 samples showed that 78.65% of the variation is distributed throughout the four first discriminant functions, and CZL is the variable that predominately explains the variation amongst groups, with strong discriminant function coefficients in these functions (Table 4 ). In the first discriminant function (DF1), which accounts for 36.71% of the variation, the most influential variables are the condyloincisive and the condylo-zygomatic length, which are associated with the anteroposterior axis of the skull and directly correlated to the rostral and neurocranium 
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regions. The length of the diastema is also highly associated with DF1 and correlated to the rostral region. Moreover, as coefficients exhibit different directions across all variables, we assume that in addition to size variation, there is also shape variation amongst the samples for the most influential variables discussed above. In the second function (DF2), responsible for 21.67% of the variation, the variables ZB and CZL explain most of the variation and are associated with the zygomasseteric apparatus. The dispersion of the individual scores amongst the three discriminant functions (Fig. 6) does not allow the recognition of distinct groups, except for samples from Boracéia-Casa Grande, Rio Taquari-Antas Basin, west Santa Catarina, and Río Tebicuary Basin, which are enclosed by an ellipsis that represents 67.5% of the distribution of points for these four samples. Figure 6 shows that the samples from Boracéia-Casa Grande and Río Tebicuary Basin are similar (DF1), but there is a difference in the cranial shape (DF2 mainly, but also DF1). The scatterplot between the first and the third discriminant function revealed no significant pattern of variation, with wide superimposition of all samples. *Wilk's lambda significant at P < 0.05; **Wilk's lambda significant at P ≤ 0.001; ns Wilk's lambda not significant. BIF, breadth of incisive foramen (greatest dimension measured across the internal surface of both incisive foramen); BM1, breadth of molar 1 (greatest crown breadth of the first maxillary molar across the paracone−protocone); BR, breadth of rostrum (greatest dimension measured across the external border of the nasolacrimal capsules); BZP, breadth of zygomatic plate (across central area of zygomatic plate); CIL, condylo-incisive length (measured from the greater curvature of one upper incisor to the articular surface of the occipital condyle on the same side); CLM1−3, length of molars (crown length from molar 1 to molar 3); CZL, condylozygomatic length; HBC, height of braincase; LD, length of diastema (from the crown of the first upper molar to the lesser curvature of the upper incisor on the same side); LIF, length of incisive foramen (greatest anterior−posterior dimension of one incisive foramen); LN, length of nasals (greatest anterior−posterior dimension of one nasal bone); LOF, length of orbital fossa (greatest length of the orbital fossa between the squamosal and maxillary roots of the zygomatic arch); LPB, length of palatal bridge (measured from the posterior border of the incisive foramen to the anterior border of the mesopterygoid fossa); ONL, occipitonasal length; ZB, zygomatic breadth (greatest dimension across the squamosal root of zygomatic arches).
certain similarity, with mean scores between 0 and −1. The lowest average, approximately −2.5, is from the west Santa Catarina sample. However, moving west from west Santa Catarina, mean scores are higher again (c. 2) in the sample from Río Tebicuary Basin, with an average higher than the eastern samples.
A Mantel test performed for the pairwise comparison between the geographical and Mahalanobis distance matrices resulted in a marginally significant P-value (r = 0.206, P = 0.053). This result suggests that there is a correlation, although nonsignificant, between size variation and geographical distances.
For craniometrical traits, some noticeable discontinuities occur between southern (Rio Tramandaí Basin, Rio Taquari-Antas Basin, and north-west Rio Grande do Sul) and western samples (west Santa Catarina, Misiones and Río Tebicuary Basin). Additionally, there is strong clinal variation, with a decrease in the overall size of the skull amongst samples in the north−south and east−west directions. In the westernmost samples (west Santa Catarina, Misiones and Río Tebicuary Basin), an opposite clinal trend is observed, with an increase in the overall size of the skull from east to west. Multivariate analyses provided similar results to those obtained in the univariate analysis, pointing to a reduction in the skull size southwards, with a major and consistent discontinuity between most samples and the sample from Paraguay. 
PHYLOGEOGRAPHICAL VARIATION
The 53 sequences of Sooretamys have 59 variable sites that define 34 haplotypes (Fig. 8) . Eleven haplotypes were retrieved from more than one specimen; from these, six haplotypes were collected at more than one locality. Observed p-distances amongst all pairwise sequence comparisons range from 0 to 3.0% (average: 1.6%). For the 12 localities with more than one specimen sequenced, the observed variation average is 0.5% (range: 0 to 1.2%); whereas the observed divergence between locality pairs averages 1.4% (range: 0 to 2.8%). Genetic distances within localities (p-distance) and between locality pairs (p-distance and K2p) are presented as supporting information (Table S1) . Results of the AMOVAs are presented in Table 5 . Of the four locality grouping schemes used, the one that maximizes the differences amongst groups (44.8%) and minimizes the differences amongst populations within groups (31.4%) is a scheme with two locality groups: east (Paraguay) and west (Argentina and Brazil) of the Parana River.
The recovered genealogies, obtained by maximum parsimony and Bayesian inference (Fig. 9) , revealed that all Sooretamys sequences showed several polytomies, with most clades lacking significant support in both analyses. The genus is strongly supported (BS = 100; PP = 1) and shows at its base a polytomy involving four lineages in the Bayesian analysis and 28 (21 formed by a single sequence each) in the parsimony analysis. Of these lineages, the only one that is strongly supported (BS = 91; PP = 0.95) is exclusively constituted by haplotypes recovered from the Paraguayan specimens. However, not all Paraguayan variants are part of this clade; two others are located in a marginally supported clade (PP = 0.65; not found in the MP analysis), with one variant found at nearby Misiones Argentina, and from two geographically distant localities in the Brazilian states of Espírito Santo and Minas Gerais. As such, this is a widely distributed phylogroup. The other two main lineages have low support and are distributed in the central portion of the geographical distribution; both overlap at several localities.
The haplotype network (Fig. 8) has only two loops and shows several missing haplotypes. As expected given the MP and BA trees, no clear geographical groups (clans sensu Wilkinson et al., 2007) can be delimited in the network. However, it is of interest to note that haplotypes from the easternmost (i.e. Argentina, Paraguay, west Santa Catarina in Brazil) and northernmost localities (i.e. northern Brazil) occupy external positions in the network; however, the centre of the network is formed by variants collected in the centre and south-eastern parts of the distributional range of Sooretamys (e.g. coastal Santa Catarina, Rio Grande do Sul, São Paulo). inhabits Rio Grande do Sul and Santa Catarina (Brazil) and Misiones (Argentina) and is characterized by a small size and a general greyish-brown colour. Oryzomys r. paraganus is restricted to Paraguay and is defined by a large size and a general buffy-brown colour that is richer and brighter, with lighter buffy sides and a buffy-whitish under surface. Oryzomys r. tropicius is found in the Brazilian states of Paraná and São Paulo and is recognized by a size similar to that of O. r. ratticeps and general buffy-brown colour with dark buffy sides and a buffy under-surface (Thomas,
DISCUSSION
Our qualitative results point to a direction different from that of Thomas (1924) that is similar, but not identical, to that of Musser et al. (1998) . Individuals with a greyish-brown upper surface were more frequently found in the northern part of the distribution (São Paulo), a region corresponding to O. r. tropicius; however, Thomas (1924) suggested that specimens from the southern part of the range (O. r. ratticeps) are greyish brown. Specimens from Paraguay, corresponding to O. r. paraganus, have two exclusive characteristics according to Thomas (1924) : nongrizzled under-parts, a trait that we observed in only 28.6% of specimens, and a bright dorsum, which was not more frequent than in specimens from other localities in our work (see above).
We are confident in the adequacy of the methodological approach used in this study (see also Moreira & Oliveira, 2011) for evaluating intra-and interpopulation variation and, therefore, species boundaries. Our results suggest the existence of only one living species of Sooretamys. The geographical variation approach allowed us to recognize subtle and gradual differences amongst populations that would be not evident when a taxonomic study is based on taxa delimited a priori, based on previous knowledge published on the group (e.g. Percequillo et al., 2008) .
Aiming to enhance the importance of a geographical approach, we tested the subspecific taxa proposed by Thomas (1924) to contrast with our results. Thomas (1924), after recognizing the subspecies, established geographical boundaries for them, mentioning the state, province, or country as the geographical limit: all taxa are parapatric and replace one another from north to south and the south-west. Therefore, the specimens included in this analysis are assembled from the political unities mentioned in the original description of the subspecies: specimens from Rio Grande do Sul and Santa Catarina States in Brazil and Misiones Province in Argentina correspond to O. r. ratticeps; specimens from the Brazilian states of São Paulo and Paraná correspond to O. r. tropicius; and specimens from Table 5 . AMOVA results for four arrangements of locality samples (see Fig. 3 (Fig. 10 ). An error bar exhibiting the mean values of the scores of the first discriminant function (Fig. 11 Wright (1943) and Gould & Johnston (1972) postulated that geographically distant samples would accumulate more differences (through selection or genetic drift) than closely located samples. Furthermore, if a taxon represents a morphologically continuous unit with gradual differences accumulated throughout its geographical distribution, it is expected that a positive relationship will exist between morphological and geographical distances (Moreira & Oliveira, 2011). In the case of Sooretamys, the low but still nonsignificant P-value in the Mantel test (P = 0.053) rejects the hypothesis of the isolation-by-distance model and indicates that Sooretamys represents a continuous unit. This trend is apparently broken by the similarity in size between the two most distant samples from BoraceiaCasa Grande and Río Tebicuary Basin, approximately 800 km apart, and by the high discrepancy between two very close samples, west Santa Catarina and Río *Wilk's lambda significant at P < 0.05; **Wilk's lambda significant at P ≤ 0.001; ns Wilk's lambda not significant. BIF, breadth of incisive foramen (greatest dimension measured across the internal surface of both incisive foramen); BM1, breadth of molar 1 (greatest crown breadth of the first maxillary molar across the paracone−protocone); BR, breadth of rostrum (greatest dimension measured across the external border of the nasolacrimal capsules); BZP, breadth of zygomatic plate (across central area of zygomatic plate); CIL, condylo-incisive length (measured from the greater curvature of one upper incisor to the articular surface of the occipital condyle on the same side); CLM1−3, length of molars (crown length from molar 1 to molar 3); CZL, condylozygomatic length; HBC, height of braincase; LD, length of diastema (from the crown of the first upper molar to the lesser curvature of the upper incisor on the same side); LIF, length of incisive foramen (greatest anterior−posterior dimension of one incisive foramen); LN, length of nasals (greatest anterior−posterior dimension of one nasal bone); LOF, length of orbital fossa (greatest length of the orbital fossa between the squamosal and maxillary roots of the zygomatic arch); LPB, length of palatal bridge (measured from the posterior border of the incisive foramen to the anterior border of the mesopterygoid fossa); ONL, occipitonasal length; ZB, zygomatic breadth (greatest dimension across the squamosal root of zygomatic arches).
Tebicuary Basin, approximately 400 km apart, as indicated by the nonsignificant P-value of the Mantel test. Qualitatively, there is no consistent discontinuity throughout the geographical range for any of the traits evaluated. The morphological variation that is observed is not concordant with geographical distribution, as aspects of coat colour and cranial morphology are highly variable within samples and also within the subspecies postulated by Thomas (1924) .
Genetically, Paraguayan populations differentiate from samples from other locations. No haplotype is shared between Paraguayan and non-Paraguayan localities. In addition, four of five haplotypes (recovered from 11 of 13 sequenced specimens) from Paraguay form a highly supported clade that constitutes one of the four main lineages of S. angouya recovered in the Bayesian analysis. Meanwhile, the remaining Paraguayan haplotype (found in two of 13 specimens) forms a clade together with haplotypes found in nearby Misiones, Argentina (locality 30), and the Brazilian states of Espirito Santo (41) and Minas Gerais (44) . If haplotypes from Paraguay were recovered as a monophyletic group, even without reciprocal monophyly, one scenario would be to recognize Paraguayan populations as a subspecies of the more inclusive clade, as a geographically and temporarily isolated lineage or sublineage (Frost et al., 1992) . However, Paraguayan haplotypes do not form a monophyletic group: two haplotypes from Centu Cue, Paraguay (locality 187 on map) are closely related to haplotypes from Itamonte (locality 44), Venda Nova (locality 41), and Refúgio Moconá (locality 30), rather than to other Paraguayan haplotypes. The biological reason behind this pattern is currently unclear: it may be indicative of current gene flow throughout the geographical range of Sooretamys or it just may be the reflect of incomplete lineage sorting. The study of additional specimens and the sequencing of nuclear markers may clarify this issue.
The molecular results are similar to the morphological and morphometric results: our integrative approach suggests a certain degree of variation in the genes and morphology of the Paraguayan population, but there is no consistent resolution to suggest that the specimens from Paraguay represent a distinct lineage that would merit taxonomic recognition. As such, we recognize only one 'unique diagnosable unit and monophyletic cluster of individuals' as proposed by Cracraft (1983 Oryzomys ratticeps tropicius (squares), Oryzomys ratticeps ratticeps (triangles), and Oryzomys ratticeps angouya/ paraganus (circles). These two functions (DF1 and DF2) are responsible for 88 and 12% of the variation, respectively. The ellipses cover 67.5% of the distribution of points. Figure 11 . Graph, including error bars [mean ± 95% confidence interval (CI)], of the scores from the first discriminant function (DF1) conducted amongst the three subspecies proposed by Thomas (1924) , plotted against the alleged geographical distribution of these three taxa.
vealed that these name-bearing types overlap with the cloud of points of this genus. (Valdez & D'Elía, 2013) . Generally, as studies on the Atlantic Forest mammalian assemblage accumulate, the notion that the recent history of the group is complex is being consolidated and emphasizes the need for additional studies before a robust synthesis can be reached.
Reassessing Musser et al.'s (1998) concluding remarks on their account of the genus Sooretamys, in which they stated that a new assessment of geographical variation, including modern samples, is needed to understand the taxonomic composition of the genus, we believe that S. angouya represents one species with a complex evolutionary history. The analysis of additional samples would be welcome to provide even more light on the process of diversification of this taxon.
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